Objective: To assess whether suicidal behavior during mixed states exceeds that expected from the manic or depressive components alone.
| INTRODUCTION
Mixed states have been described as a combination of or transition between mania and depression and are experienced by an estimated 20% of individuals with bipolar disorder. [1] [2] [3] Bipolar disorder is associated with a 20-30 times higher suicide risk than that of the general population 4 and mixed states are considered to be a particularly high-risk state for suicide, regardless of the specific constellation of symptoms or predominant polarity; 2 however, estimations of risk have been inferred from cross-sectional studies demonstrating increased suicidal behavior among those with a history of mixed symptoms. [5] [6] [7] [8] [9] [10] Few prospective studies have investigated suicidal behavior across mood states. A prospective study that followed 120 persons with bipolar I disorder for up to 10 years found that those with a history of mixed states (37% of the sample prospectively) had a more chronic course of illness, with approximately 10 episodes per patient compared to the 5 episodes per patient in those without a history of mixed states. Individuals with a history of mixed states also had more suicide attempts (30% vs 13%), a difference that was significant in univariate analysis, but not after adjustment for age of onset. 11 A 2-year prospective study followed 91 individuals with bipolar I disorder, looking at the month in which participants scored highest on the suicide item from a modified Hamilton Rating Scale for depression, and found higher suicidality to be more strongly correlated with depression and hopelessness, but less robustly with mixed state.
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To date, suicidal behavior within mixed states has not been quan- 
| METHODS

| Study sample
This study used data from the National Institute of Mental Health
Collaborative Depression Study (CDS). The CDS was a prospective observational study of 909 Caucasian, English-speaking patients with bipolar and unipolar disorders, recruited between 1978
and 1981 from academic centers in Illinois, Iowa, Massachusetts, Missouri, and New York. For the purposes of this analysis, the study cohort was restricted to participants with prospectively defined bipolar disorder with at least 1 year of follow-up. These 429 participants were followed for a mean follow-up time of 18 years up to a maximum follow-up time of 31 years, for a total of 7693 personyears of follow-up.
| Mood state
To facilitate comparison with the existing body of literature, we first classified exposure as any history of mixed states -history of mixed states was defined as a report of current mixed episode at the intake interview or at least one mood interval with symptoms of both mania/ hypomania and depression during follow-up.
To address the primary question of whether suicidal behavior during mixed state is increased beyond what would be expected from the individual manic and depressed components, the exposures of interest were time-varying mania/hypomania, depression, and mixed state, which was defined as the concurrent presence of both mania/hypomania and depression within a time interval. Weekly symptom severity and onset of manic/hypomanic and depressive symptoms were captured using the Longitudinal Interval Follow-up Evaluation (LIFE), which was administered semiannually for 5 years and then annually for the remainder of the study duration. From this, weekly mood ratings were estimated using the LIFE Psychiatric Status Rating (PSR) scale, using a threshold of ≥3 to identify clinically significant manic/hypomanic or depressive symptoms as done in prior analyses. [13] [14] [15] [16] [17] [18] [19] For major depression and mania, for which a six-point rating scale is used, a PSR of 3 requires at least "considerably less psychopathology than full criteria with no more than moderate impairment of functioning, but still has obvious evidence of the disorder; i.e., experiences either one to two symptoms severely or two to three symptoms moderately". For hypomania and chronic minor/intermittent depression, for which a three-point rating scale is used, a score of 3 requires meeting Research Diagnostic Criteria (RDC) for Definite-Severe. Normal mood/euthymia was defined as the absence of clinically significant mania/hypomania and depression as previously defined.
| Suicidal behavior
Suicidal behavior was broadly defined as a suicide completion or a suicide attempt of any degree of intent or medical lethality, in keeping with previous CDS analyses. 16, [20] [21] [22] [23] A history of suicide attempts at intake into the study was captured using the Schedule of Affective Disorders and Schizophrenia (SADS) 24, 25 and suicide attempts and completions were ascertained over follow-up using the LIFE, which characterizes suicide attempt based on both intent and medical lethality.
| Statistical analysis
Descriptive statistics were analyzed using the Wilcoxon rank-sum test for continuous variables and the Pearson chi-square test for categorical variables to contrast participants with and without a history of mixed states. A Cox proportional hazards regression model was used to assess time to onset of suicidal behavior through the calculation of a hazard ratio (HR) and 95% confidence interval (CI). For all timeto-event analyses, frailty models were used to account for intrasubject correlation, in an approach similar to that of Holma et al.
26
Frailty models are an appropriate choice for modeling recurrent events -such as suicidal behavior -for which there may be heterogeneity between individuals that at the same time confers excess risk and cannot be accounted for by the available data. 27 Cox regression models rely on the assumption of proportional hazards -the assumption of proportional hazards was tested through inspection of log-log survival plots stratified by history of mixed states and through testing for a significant interaction effect between history of mixed states and time on outcome.
Suicidal behavior was modeled as a repeatable event and censored cases were defined as those for which a report of suicidal behavior did not occur during the follow-up period. Mania/hypomania and depression were modeled as non-mutually exclusive dichotomous 
| RESULTS
Sociodemographic and clinical variables for those with and without a history of mixed states can be seen in Table 1 . The mean participant age at baseline was 36 years. Participants were predominantly female (58%) and the majority had a diagnosis of bipolar I disorder (66.2%).
Over one-third of participants (38.0%) had a history of mixed states.
Participants with a history of mixed states were more likely than those without a history of mixed states to be female and to have a diagnosis of bipolar I disorder. Those with a history of mixed states were also more likely to have a comorbid diagnosis of generalized anxiety disorder or panic disorder. 
|
| Course of illness
We next assessed the amount of time spent in each mood state for those with and without a history of mixed states. The mean proportion of time spent depressed was 46.3% for individuals with a history of mixed states and 28.2% for those without ( Fig. 2 ; Wilcoxon ranksum P < .0001).
| Survival analysis
Assessment of a mood-by-bipolar subtype interaction revealed a significant influence of bipolar subtype on the risk of suicidal behavior during depression (P = .03), such that risk for suicidal behavior during depression was greater for those with bipolar I subtype. For this reason, all time-to-event analyses are reported separately for bipolar I disorder and bipolar II disorder.
| Bipolar I disorder
In frailty models adjusted for age and sex, there was an increased risk of suicidal behavior conveyed by mania/hypomania (HR: 1.96, 95% CI: T A B L E 1 Descriptive analysis state on suicidal behavior beyond the risk attributable to mania/hypomania and depression (P = .0001).
As a sensitivity analysis, we assessed whether mixed states increase risk during the mood transition following a mixed state rather than immediately during the mixed state itself. Extending each interval of mixed states through the addition of a 2-week lag period did not reveal an effect of mixed state on suicidal behavior beyond the additive contributions of depression and mania/hypomania, nor did a lag period of 4 or 8 weeks.
Adjusting for the number of prior suicide attempts did not appreciably alter the age-and sex-adjusted effect estimates for hypomania or depression, nor did adjusting for anxiety; however, comorbid substance use (P = .004) and neuroticism (P = .01) were significant independent predictors of risk.
To investigate whether those with a history of mixed states are at higher risk of suicidal behavior in a given mood state, Cox models were run with the inclusion of an interaction between history of mixed states and depression and mania/hypomania, which failed to reveal any significant interactions between history of mixed states and risk of suicidal behavior within an episode of mania/hypomania (P = .09), but did reveal a differential effect of a history of mixed states on risk of suicidal behavior within an episode of depression (P = .02), such that those with a history of mixed states had a higher risk of suicidal behavior while depressed. Cox models run with the inclusion of an interaction between history of mixed states and mood state failed to reveal any significant interaction between history of mixed states and depression (P = .59) or hypomania (P = .89). Thus, those with a history of mixed states were not significantly more likely to experience suicidal behavior when depressed or hypomanic.
| Bipolar II disorder
| Relative contribution to risk
Using the crude event rates, the causes for excess suicidal behavior in those with a history of mixed states were explored using direct standardization. The majority of excess suicidal behavior in those with a history of mixed states (71.1%) was related to a depressive-predominant course of illness, while 15.5% could be explained by the higher event rate while euthymic, 11.6% by the higher rate while depressed, and 1.8% by the higher event rate with mania. In this current study, the prevalence of mixed states was 38% -notably higher than the estimated prevalence of 20% reported in previous studies. [1] [2] [3] This higher estimate is almost identical to the 37% prevalence observed by Gonzalez-Pinto et al. in their 10-year prospective study,
| DISCUSSION
11
which likely reflects the greater ascertainment enabled by long-term follow-up. Gonzalez-Pinto et al. also noted that those with mixed states had more depressive symptoms; however, these findings were confounded by age of onset, which may be a proxy for a more chronic course. 33 Rather than adjust for age of onset, we were able to directly address course of illness by assessing risk by mood state as a time-varying covariate.
The CDS, which applied RDC criteria, does not allow a direct assessment of DSM-5 mixed states. As a point of comparison, the DSM-5 defines mixed state as experiencing any one of the following: (i) meeting full criteria for a manic/hypomanic episode (elevated or expansive mood and at least three other symptoms, or irritable mood and at least four other symptoms) and at least three depressive symptoms (mania/ hypomania with mixed features), or (ii) meeting full criteria for a major depressive episode (depressed mood or loss of interest and at least five other symptoms) and at least three manic/hypomanic symptoms (major depression with mixed features).
Our RDC-based operationalization of mixed state approximates that of the DSM-5, although it should be noted that the criteria used for our study are likely slightly broader. The DSM-5 accounts only for the total number of symptoms, and not for the severity of individual symptoms; therefore, a patient who does not meet full diagnostic criteria for major depression or mania but is experiencing mood symptoms to a moderate degree of impairment (e.g., experiencing two to three symptoms moderately) would be captured as experiencing mixed states under our definition, but not under the DSM-5. In contrast, a patient who meets full diagnostic criteria for one syndrome and is experiencing three or more symptoms of the other syndrome, but only to a mild degree, would not be captured as experiencing mixed states under our criteria, but would under the DSM-5. In this current study, accepting RDC criteria as a proxy for DSM-5 major depression, mania and hypomania, 93% of intervals with clinically significant depressive symptoms at some point during the interval also met DSM-5 criteria for a major depressive episode, 86% of intervals of clinically significant mania/hypomania symptoms met DSM-5 criteria for mania or hypomania and 91% of mixed intervals met full diagnostic criteria for one syndrome (major depression, mania, or hypomania) as required by DSM-5.
The strengths of this study are the sample size, the long duration of follow-up, and the use of structured clinical interview to ascertain diagnoses. The risk associated with mood states, including risk episodes, was modeled in state-of-the-art survival analytical models that allowed for repeated events within subjects and fully utilized the prospective data. This study is limited in the use of a racially homogeneous sample, which may restrict the generalizability of our findings. It should be noted in addition that, although the outcome of suicidal behavior included both suicide attempts and completions, this measure predominantly captured suicide attempts; as such, the conclusions drawn from this analysis may be more relevant to the risk of suicide attempt than to the risk of completed suicide.
Overall, the takeaway message from this research is that much of the suicide risk related to having a history of mixed states is not a product of the mixed state itself, but rather can be attributed to a depression-predominant course of illness. Clinicians should pay close attention to depressive mood states in bipolar disorder in the assessment of suicide risk and aggressively treat this modifiable risk factor to mitigate risk for those with or without a history of mixed episodes. ORCID Jane E Persons http://orcid.org/0000-0002-2393-6886
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